Moisture equilibrium data of passion fruit pulp powders with maltodextrin and gum arabic were obtained by two different drying methods (spray drying and freeze drying) and determined at 20, 30, 40 and 50 o C. Skimmed milk was used to substitute part of these additives in the samples. One formulation using passion fruit pulp/maltodextrin/skimmed milk (PMS) was prepared, and another using passion fruit pulp/gum arabic/skimmed milk (PGS). The behavior of curves was type III, according to Brunauer's classification. GAB models were fitted to experimental equilibrium data. The parameters obtained from GAB models was affected by the presence of additives. The behavior of the sorption isotherms for different temperatures are similar, noting only a small effect of temperature. There were little differences between both drying methods and additives used in relation to equilibrium moisture content. The parameters obtained with the addition of the skimmed milk were considered satisfactory (Xm values ranged from 0,04084 to 0,06488 in dry basis), demonstrating that it is an effective and cheap alternative for regular additives. A progressive increase in the heat of sorption in relation to decreasing moisture content was observed and the heat of sorption values of different samples are all similar, comparing the relative equilibrium moisture content.
INTRODUCTION
In general, fresh fruits have a high moisture content and are therefore very perishable, with a limited shelf life. In order to prolong shelf life, processing and preservation methods, such as the drying of fruit pieces or preparation of fruit juice, may be used. The drying of fruit juice produces a stable, easily-handled form of the juice that can be reconstituted rapidly to a good quality product resembling the original juice as closely as possible. The drying of fruit juices and other products with high sugar content presents technical difficulties because of their hygroscopicity and thermoplasticity at high temperatures and humidities (ADHIKARI et al., 2004) . For this reason, the addition of maltodextrin and gums as well as other substances such as pectins, calcium silicate, and carboxy-methyl cellulose, has been used in the production of powder juices (BHANDARI et al., 1993) .
Skimmed milk presents non-stick properties similar to other commonly used additives (ADHIKARI et al., 2004) . Water adsorption isotherms and isosteric sorption heat...
Besides, compared to gum arabic, skimmed milk is highly available in the most countries. According to Langrish et al 2007 , in a study of spraying maltodextrin and skimmed milk, both had the same rates of cohesion and adhesion, however, maltodextrin (DE 18) showed a lower deposition rate than milk and particularly a lower adherence rate than the subsequent particle cohesion between them after the initial period of drying. The lowest rates of deposition of maltodextrin were associated with its higher glass transition temperature compared to skimmed milk. Therefore, skimmed milk could be useful to substitute part of other regular additives.
Moisture sorption isotherms describe the relationship between water activity and the equilibrium moisture content of a food product. Knowledge of water sorption isotherms and of net isosteric heat of sorption is of great importance to various food processes, including drying, storage and packaging. They are useful to calculate time and energy consumptions during drying, to predict ingredient behavior upon mixing, to assist packaging selection, to model moisture changes during storage and to predict the shelf life of food products (LOMAURO et al., 1985; SIRIPATRAWAN; JANTAWAT, 2006; COMUNIAN et al. 2011) . These properties also give information about sorption mechanisms and interactions between food components and water (GABAS et al., 2000) . The GAB equation is recommended to describe passion fruit pulp isotherms, since it has been extensively used for foodstuffs, especially for fruits (LOMAURO et al., 1985; GABAS et al., 2000; TELIS et al., 2000) , as well as being a simple means of supplying parameters with physical meaning.
The aim of this study was to determine the influence of different compositions of additives and drying methods on sorption isotherm data for passion fruit pulp and also the isosteric heat of adsorption.
MATERIALS AND METHODS

Raw material
Samples of passion fruit (Passiflora edulis fo. flavicarpa O. Deg.) with soluble a solid content of 11.7 o Brix, and moisture content of 85% (wet basis) were obtained at the local market (São José do Rio Preto, SP, Brazil). Solutions were prepared using passion fruit pulp, maltodextrin DE 10 (MOR-REX ® Corn Products, Brazil) and skimmed milk (Commercial UHT skimmed milk, Batavo ® , Brazil) (PMS) or using passion fruit pulp, gum arabic (Synth, Brazil) and skimmed milk (PGS). Proportions of solutions, in dry basis, between passion fruit pulp:maltodextrin or gum arabic:skimmed milk were 1:4:4 and 1:2:6 to samples using maltodextrin and gum arabic, respectively. These proportions had been chosen according to good yields obtained by preliminary tests in spray drying of passion fruit pulp by varying these additives and their ratios.
Drying methods
The spray drying process was performed in a laboratory scale spray dryer MSD 1.0 (Labmaq do Brazil Ltda, Ribeirão Preto, Brazil). The mixture was kept under magnetic agitation, at room temperature, being fed into the main chamber through a peristaltic pump, with drying air flow rate of 30 L/h. A feed flow rate of 0.4 L/h was used, the inlet air temperature was 120° C and the outlet air temperature was around 90° C. The freeze drying process was performed in a laboratory scale freeze dryer L101 (Liobrás, São Carlos, Brazil). The samples were put in stainless steel trays and storage at -29° C in a freezer for 48 h. After that the trays were put in the freeze dryer during 24 h in a vacuum chamber (pressure of 300 µmHg) and -40° C.
Sorption isotherms
Equilibrium moisture content of pulp powder at ten water activities were determined by the static gravimetric method (JOWITT et al., 1983) at 20, 30, 40 and 50º C. Ten saturated salt solutions (NaOH, LiCl, KC 2 H 3 O 2, MgCl 2 , K 2 CO 3 , Mg(NO 3 ) 2 , NaNO 2 , NaCl, KCl, BaCl 2 ) were prepared corresponding to a range of water activities from 0.059 to 0.907 (RAHMAN, 1995) . Triplicate samples of around 1 g of passion fruit powder were weighed into small plastic receptacles and placed on tripods in jars, which were then tightly closed and placed in a temperature-controlled chamber (20, 30, 40 and 50º C) . The required equilibration time was 4 to 5 weeks, based on the change in sample weight expressed on a dry basis, which did not exceed 0.1% (0.001 g/g dry solids).
Mathematical development
GAB is a relatively simple model with a small number of parameters, which have a physical meaning, and can be applied to a large range of water activities. It is mathematically expressed as shown in equation (1) (VAN DEN BERG, 1985) . The parameters were estimated by fitting the mathematical model to the experimental data using nonlinear regression.
where: X eq is the equilibrium moisture content (dry basis), X m is the moisture content (dry basis) corresponding to an adsorbed monolayer (BET), a w is the water activity, and C and K are constants related to the temperature effect (equations 2 and 3).
where: R is the universal gas constant, T is the absolute temperature,  H c and  H k are functions of the heat of sorption of water  H c = H m -H n and  H k =  -H n . In the above expressions C o and k o are adjusted constants for the temperature effect; H m and H n are the heat of sorption of the monolayer and the multilayer of water respectively.
The isosteric heat of sorption (q st ) is defined as the difference between the total heat of sorption (Q st ) and the heat of water vaporization. It can be determined from equation 2, which is derived from the Clausius-Clapeyron equation (RIZVI, 1995) . The isosteric heat of sorption (q st ) is a differential molar quantity derived from the temperature dependence of the isotherm. This approach assumes that the isosteric heat is invariant with temperature and the application of this method requires the measurement of sorption isotherms at more than two temperatures Figure 1 show experimental sorption isotherms for PMS powder obtained by spray drying at different temperatures with the respective fittings of the GAB model. It can be seen that the behavior of all curves was type III, according to Brunauer's classification (BRUNAUER et al., 1940) . The behavior was similar to PMS samples obtained by freeze drying and PGS samples obtained by freeze and spray drying.
RESULTS AND DISCUSSION
Sorption isotherms
The equilibrium moisture content tended to decrease with increasing temperature in a given water activity, both for the samples obtained by spray drying and freeze-dried ones, as shown in Figure 1 . The decrease in Xeq was due a reduction in the number of active sites due to chemical and physical changes induced by temperature. The extent of this decrease depends on the composition of foods (RIZVI, 1995) . Pedro et al. (2010) (MCLAUGHLIN; MAGEE, 1998). The parameters in Equation (4) are: q st (isosteric heat of sorption),  (heat of condensation of pure water on limit temperature tested) Q st (total heat of sorption), R (universal gas constant), T (absolute temperature) and X (equilibrium moisture content).
Figure 1 -Sorption isotherms of passion fruit pulp:maltodextrin:skimmed milk (PMS) powder samples at different temperatures obtained by spray dryer. Water adsorption isotherms and isosteric sorption heat...
observed that temperature had a very pronounced effect on the values of equilibrium moisture sorption isotherms of the passion fruit pulp powder obtained by drying in vacuum oven. Hubinger et al. (1992) found that the isotherms of pineapple, mango and guava dried under vacuum, at temperatures of 25 and 50° C, showed the same behavior observed by Pedro et al. (2010) . Gabas et al. (2007) and Martinelli et al. (2007) observed no significant effect of temperature on the isotherms of pineapple powder and lemon powder, both with 18% maltodextrin obtained by vacuum drying. Sorption isotherms showed an increase in equilibrium moisture content with increasing water activity (Figures 1 and 2) . Similar trends in isotherms were observed for maltodextrin and gum arabic spray dried powders KUROZAWA et al., 2009; TONON et al., 2009; COMUNIAN et al., 2011) . Figure 2 shows a small difference between the equilibrium moisture content (Xeq) between the PMS and PGS samples atomized and lyophilized at 20° C. The same behavior was observed for other temperatures (30, 40 and 50° C) so we can report that the type of additive used did not influence considerably the values of equilibrium moisture sorption. These results are probably due to the similarity between the glass transition temperature of maltodextrin and gum arabic, around 10° C difference, according Collares et al. (2002) . Gum arabic has Tg values greater than maltodextrins (COLLARES et al., 2004) so, is probably more effective to reduce the hygroscopicity of the powders. On the other hand, the high cost of gum arabic has motivated the search for substitute materials (MCNAMEE et al., 1998) . Maltodextrin is an additive commonly used because, besides its low cost, it has low hygroscopicity, prevents agglomeration of particles and has an antioxidant effect (REINECCIUS, 1991; SHAHIDI; HAN, 1993) .
According to Pedro et al. (2010) , although the isotherms of pure passion fruit pulp powder (PP) and additives have shown the same qualitative behavior, considerable differences in the values of equilibrium moisture content for the studied samples was noted. It was observed that the isotherms of the PP samples showed higher values of equilibrium moisture content than samples containing maltodextrin and gum arabic, for all temperatures studied. These results show that these additives cause changes in the hygroscopic behavior of dehydrated passion fruit pulp. The decrease in equilibrium moisture content in juices spray dried with additives reflected a reduction in the number of active sites able to link with water, that are ordinary in juices, as hydroxil groups of small carbohydrates. These groups were linked with the carrier or were immobilized by the carrier.
Comparing the PMS and PGS samples in the two drying methods used (spray and freeze drying), we observed that for both samples, the behavior of the curves of equilibrium moisture content versus water activity, as well as the values themselves of equilibrium moisture content, were very similar at 20° C (Figure 3) , 30, 40° C and 50° C. Probably because the formulation used for both dehydration processes was similar, so the composition of the powders was similar. The results of nonlinear regression analysis to fitting mathematical GAB models to experimental data are shown in Table 1 for spray drying and freeze drying. The fitting of the isotherms with GAB model was high (R 2 > 0.99). Parameter values of the GAB equation also show the similarity between this study using skimmed milk and the others such as Righetto and Netto (2005) , Gabas et al. (2007) , Martinelli et al. (2007) and Pedro et al. (2010) , who used only the additives commonly found in the literature (maltodextrin and gum arabic), showing that skimmed milk can useful and cheap substitute for these additives.
According to Comunian et al. (2011) the X m parameter (monolayer moisture content) corresponds to the amount of water strongly adsorbed to specific sites at the food surface and is considered a critical value above which the rate of some degradation reactions increase and the food matrix stability decreases. The Xm values obtained for spray dried and freeze dried passion juice varied from 4% to 6.4% and from 4% to 4.7%, respectively, according to the GAB model, which are in agreement with the values obtained by Righetto and Netto (2005) Pedro et al. (2010) showed that parameter K is little affected by type of additives and different temperatures.
The fitting of the isotherms with this model was high (R > 0.99) and in all cases the results obtained in the present work for the adjustment of GAB model to the different powder samples are in accordance with the limit values for constants C and K suggested by Lewicki (1997) , based on the mathematical analysis of the model (range 0.24 < K < 1 and 5.6 < Cg < oe).
Isosteric heat of sorption
The dependence of isosteric heat of sorption on moisture content for PMS and PGS powders is shown in Figure 4 , which illustrates a progressive increase in the heat of sorption in relation to decreasing moisture content. This may be due to the fact that during initial stages of sorption (low moisture content), there are highly active polar sites on the surface of the food material, which are covered with water molecules to form a monomolecular layer. This indicates greater water-solid interactions. As the water content increases, the covering of a less active sorption site and the formation of a multilayer is manifested by the decrease in heat of sorption (PÉREZ-ALONSO et al., 2006) . In some moisture content values the isosteric heat of sorption corresponding to powders produced by spray drying were the highest. This suggests that the spray dried product has more surface polar sites than those of the products obtained by freeze drying. The elevated heat values of sorption of water under low moisture contents are an indication of strong water-food component interactions in the fruit.
We observed that the isosteric heat of the samples were all similar, comparing the relative equilibrium moisture content. The freeze dried PMS sample had a higher value of isosteric heat in the humidity of 0.025 kg water/kg dry solid. After the value of 0.15 kg water/kg dry solid isosteric heat of the samples were very similar. Figure 4 -Influence of drying methods and additives on the net isosteric heat of sorption process for passion fruit pulp:maltodextrin:skimmed milk (PMS) and passion fruit pulp:gum arabic:skimmed milk (PGS) powder samples.
CONCLUSION
The sorption isotherms of the samples studies were type III, according to Brunauer's classification. There were small differences between the two drying methods used in relation to equilibrium moisture content, so it is possible to recommend to dehydration of passion pulp by spray drying, as it is a less expensive and faster method. The samples with maltodextrin and gum arabic had small differences in equilibrium moisture content, so it is possible to recommend ehydration of passion pulp using maltodextrin as an additive, since it is a less expensive and more available material. Samples of PMS and PGS in this study was observed in the presence of skimmed milk, which may be responsible for the slight difference in behavior in relation to other studies. However, one must consider the advantages associated with skimmed milk use, as not only is it cheaper and more easily accessible than other additives, it also adds nutritional value to the product as a source of protein, carbohydrate (lactose), vitamins and minerals. Due to the lowere price of maltodextrin compared to gum arabic and since their equilibrium moisture content values were very similar, it follows that the use of maltodextrin in the formulation seems to be more advantageous. We observed that a progressive increase in the heat of sorption in relation to decreasing moisture content and the values of different samples were all similar, comparing the relative equilibrium moisture content.
